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Definition of the problem 

Light-curable plastic materials, so-called composites, have been used in dentistry for 
more than 10 years to produce fillings for teeth. These have been used effectively and reliably to 
fill small defects (cavities) that do not have to withstand a high mechanical stres^BuTwhen 
teeth with large cavities are involved, one^onsideraWe^iroW 

t he course i rfhlfpolymenzation, the compojitejjTaleiiabyith which the dental cavity in the 
rr^hjsjjjed^ Thus, after polymerization, the filling obtained is unable to fill 

the complete cavity: Instead gaps form in the transition zone from the composite material to the 
tooth. These gaps can damage the tooth considerably in that, e.g., the gap areas are colonized by 
bacteria which can again cause caries. To solve this problem, a number of different approaches 


have been suggested. The prior-art methods aiming at preventing the formation of marginal gaps 
cannot be routinely used in patients because such methods take an inordinately long time: the 
step-by-step process of building up a large filling from numerous separately and successively 
added composite layers with light-curing times in between requires an inordinately large 
expenditure of time both for the dentist and for the patient. 

Attempts to influence the shrinkage by polymerization by means of a targeted exposure 
of the filling to light through the wall of the tooth, however, have not met with success. In the 
most recent research conducted in this area (Hoff 1997), it was found that the light-conducting 
properties of the dentin made this practically impossible. The incorporation of premanufactured 
macroscopic filler bodies, so-called inserts, was a step in the right direction but met with only 
limited success: although the insert as such does not shrink, the composite material surrounding 
it does shrink uncontrollably during polymerization. As a result, undesirable gaps continue to 
form between the filling and the tooth. 

The invention which is identified in the claims and the technical embodiment of which is 
described in the text below as well as in the claims offers a new possibility of solving the 
problems defined above. In particular, using a suita ble combination o f the components of the 
present invention, it is possible to control, by way of exposure to light, the polymerization ofjjje 
composi te mate rial or of ot her plastically workable lig ht-curabl e filling n-mteH:)ls jn t he dental 
c avity so that — in contrast to the techni que p.mp lgyedjso jar -- the cure shri nkage is comp ensated 
for in that additionaL pla&tic filling material is allowed to flow into the cavity. Using the required 
light intensity and energy dose - e.g., through the use of suitable lasers or anoth e Hight exposure 
apparatus ~ via a light insert,| i curing fron t results which starts on the surface of the light ex it 
if the ligh t insert and spreads thro ugh lheJjUiaa and which eventual' 


peripheral regions of the cavity 


As a result, it is ensured that, during the curing process, filling 


material which is still plastic flows i nto the cavit y, which preven ts, in particular, the formation ^f _ 
* — f — 1 


ajygp in the marginal region between the filling and the tooth. 


Only thereafter doQsan after-cure 


of the filling material tak e place by means_of_ exposinp the overall surface tp light 

The conventional techniques to date did not make it possible to compensate for the cure 
shrinkage: because of the exposure to light from an e xternal sou rce, the external portions of th e 
f illing material polymeri zed first in the regions of high light intensity, which made it impossible 
for additional filling material to flow in so as to compensate for the shrinkage. 

Prior to the complete cure of the plastic filler portion, movements of the light insert can 
have a destabilizing effect on the adhesive bonding between the light insert and the filling and/or 
the adhesive bond between the filling and the tooth cavity. To avoid this problem, the light 
transmission, especially during the first phase of the exposure to light, should either be 
contact-free or should take place by means of a flexible light conductor. 
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One component of the invention - hereinafter called ( HghU^s^ rt (Figure 2) - is designed 
so as to fulfill a light-conducting and/or light-distributing functiorj. As seen in Figure 1, the light 


insert (1) is preferably introduced into the filling material (3) which is still soft and which fills 
the tooth cavity (4). By exposing only the light insert with a light exposure device suitable for 
this purpose (Figure 3: (6)), this device being an element of the present invention, t he ligh tis 
conducted into the filling s o as to ensure that th is fillin g is cured starting in th p. nrp^ pf rnpturt 
b etween the insert and the c omposit e materia l. In addition, th e filli ng, i ncluding the light i nsert, 
is finally exposed to light as usual ; thisJjTerUenris to thexomjplete cure. 1 he light exposure 
device makes it possible both to expose the composite material solel y via the light insert a nd to 
exposeThe overall filling, i ncludingjhe ligh t insert. One possibility is { 6"k5av e^e light insert in 
the filling into which it has been introduced. Any parts of the light insert that protrude from the 
filling are ground down by means of the conventionally used dental instruments. Another 


possibility is It) remove-tfie light insert from the cured filling. The cavity thus formed in the 
filling can subseqnentTybe filled ^either wit h a suitable filling material or with a premanufactured 



fitting piece that is cemented in place. By matching the colors of the filling materials and the 
fitting piece to the color and translucence of the natural tooth, esthetically especially favorable 
results can be achieved. Similar good esthetic results can be obtained if, when using the light 
insert which leaves a large cavity, a fitting piece of suitable color and translucence is introduced 
into said cavity once the light-curable filling material has been fully cured. 

To solve the problem of the technical design of the light insert, several advantageous 
approaches present themselves. 

a ) An embodiment of the light insert which is made of a material that is permeable to 

light. The material used can be an organic and/ or inorgan ic material. The light insert (Figure 2) 

has one or a plurality of light enjj ^yindQws (1) an d one or ajlurality of light exit wi ndows (2) 

w hich extend completel y or partially over the area o fcflfltact between the light insert ;m4 the 
. . ^ - 

fillin g. The light windows are designed to ensure that they allow the highest possible light flux 
from the light exposure device into the inside of the light insert and from the inside of the light 
insert into the surrounding filling material. 

b) An embodiment similar to the one mentioned under a), except that the light i nsert is 
additionally coated with a completely and/or partially curedfilj rng material. In this ma nner, it is 


possible to promote the adhesiv e Bonding of the lig ht insert introduced into the plastic filling 
material. If mineral light insert bodies are used, the adhesive bond with the light insert can be 
stabilized by first silanizing the mineral contact surface. 

c) An embodiment as described under a) and/or b), wherein the light insert body consists 
of one or a plura lit y of light-conducting elemen ts^ 
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d) An embodiment as described under c), wherein the light insert has acavity starting in 
the location of the light en try window and being open towa rd the l ight entry window o r being 
covered so, as to allow jassage of ligh t, through which cavity the light exposure can be carried 
out co mpletely or partia lly. 

e) An embodiment as described under c), wherein the light insert body is constructed 
based on the physical principle ofa-^pfiotonic crystal^) 

f) An embodiment as described^uncler c),wherein the light insert body is constructed 
based on the principle of a light conducto r having different refractive indices . 

Preferable, embodiments a) through f) have in common that the l ight intensity that i s 
transmitted fro mthe lig ht insert into the surroun dingjilling mat erial is high throughout the^a rea 
of contact between the light in£ertjindjh£j^ling. This type of light transmission can be 
achieved, e.g., by means of sandblasting the surface of the light exit window of the light insert 
that is intended to contact the filling material. The light entering the light ins ert can also b^ 
reflected or distributed into the surrounding filling material by means of light scattering cent er 
inside the light insert material. This makes it especially suitabl^forop^ 
light into the surrounding area of the light insert within the desi red time, at the d esired in tensity, 
an d in t hsjesi r-d dir^c t i o n 

Of special importance to the technical implementation of the li ght insert are the light 
entry window, the light exit, and the adhesive bond between the materiaU )f the light jn sert^and 
the filling. To transmit light from the light exposure device to the light insert, it may be useful to 
utilize" a low-loss light coupling. This can be implemented, e.g., by means of smooth and/or 
antireflcction-coated surfaces on the light entry windows. Potential light intensity losses at the 
light entry windows of the light insert can be compensated for by a higher-power light exposure 
source. 

The initial exposure of the filling material to light, which ta kes pl accsol ely via the ligh t 
insert and thus viath e light ex it window of said light insert, requires either a matching light 
source that is adaptedtojhe^geomeir^ of the li ght entry window of the light insert or a suitable 
cover for the free surface of the fillin g material adjacent to the light in the for m of a diaphrag m 
(Figure 1: (2)), thus ensuring that in cases in which the overall area is conventionally exposed 
using a conventional light exposure device, the .ligh t is ini tially able to pen etrate the filling 
material only byw ay of thej ight insert. A fter removal of the diaphragm, thcjj jling material ancL 
th^HginTn^t are subsequently exposed in a conventional ma nner. For this approach, it is 
recommended that an adapter (Figure 3: (5)) beusedj^hich optic ally couples the light ex it 
window of the light exposure device (Figure 3: (8)) to the light entry window of the light insert 
(Figure 3: (7)). 
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To facilitate the flow of the fdh ng material to the light insert during the incorporation of 
said filling material into the cavity filled with the filling material, it may be us eful if the light 
exposure device has a built-in shaking device, the vibrations of which are tra nsmitt ed via a 
suitable connection to the light insert. 

^"To expose the composite material to light, it may also be useful to hav ea light exposure 
sourc e with an adjusta ble light exit w indow and a con t rollabl e light i ntensity and ji ght 
divergence. This makes it possible, in particular, to r^rnHnrjhl^ the light flux fry 

means of which the undesirable shrinkage of the filling material is minimizejjjo^ 


Claims 

1. Light inserts for the manufacture of tooth fillings that do not leave marginal gaps and 
that are made of plastically workable light-curable filling materials and for the permanent or 
short-term indwelling in the filling of the tooth, characterized in that the light inserts have a 
minimum of one light entry window and a minimum of one light exit window, with a 
considerable portion of the light that enters via the light entry window or windows exiting via the 
light exit window or windows. 

2. A diaphragm for light inserts according to Claim 1, characterized in that the diaphragm 
allows the light required to cure the filling material in the tooth cavity to enter only via the light 
path of the light insert that leads from the light entry window to the light exit window. 

3. A light exposure device for light inserts according to Claim 1 and/or a diaphragm 
according to Claim 2, characterized in that the cross section of the light exiting area of the light 
exposure device is adjusted to the cross secti on of the light entry window of the light insert . 

4. The light exposure device according to Claim 3, characterized in that the intensity 
and/or the divergence or the convergence of the light exiting from the light exposure deyiciLar^ 
controllable. 

^ W^lhe light exposure device according to Claim 3, characterized in that a shaking device 
is integrated into the light exposure device, by means of which shaking device it is possible to 
generate vibrations and to transmit these to the light insert. 

6. An adapter for cou pling the light into^heh^ ht insert accor ding to Claim 1 and/or a 
diaphragm according to Claim 2, characterized in that said a dapter and/or diaphragm make i t 
possible to ensure an ad justmenjjjfjhe lig ht-transmitting c ross se ction of thr ^g ht pxit of 
the light exposure device to the cross section of the light entry window of the light insert, with 
the adapter, in addition to a mechanical detachable connection to the light insert and/or to the 
light exposure device, also making it possible to in terpose a l i^htxofldu^tor. 

7. The light inserts according to Claim 1, characterized in that the light insert consists 
mainly of a suitable organic material. 
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8. The light inserts according to Claim I, characterized in that the light insert consists 
mainly of a suitable inorganic material. 

9. The light inserts according to Claim 1, characterized in that the light insert consists of a 
suitable combination of an organic and an inorganic material. 

10. The light inserts according to Claim 1, characterized in that the light exit window or 
windows of the light insert are additionally coated with an uncured or partially cured 
light-curable plastic filling material. 

11. The light inserts according to Claim 1, characterized in that the light entry window or 
windows of the light insert have available surfaces and/or connections which promote the light 
transmission between the light exposure device and the light insert and between the light 
exposure device, adapter, and light insert. 

12. The light inserts according to Claim 1, characterized in that the light entry window or 
windows of the light insert or portions thereof are designed to be convex or concave. 

13. The light inserts according to Claim 1, characterized in that the light exit via the light 
exit window or windows is facilitated by one or several suitable light scattering centers and/or by 
one or several partially permeable, reflecting, or mirroring surfaces on the surface of or inside 

lii^ 11^,111 mocii U\J\UJ. 

14. The light inserts according to Claim 1, characterized in that the light insert has a 
cavity starting at the location of the light entry window and being coverable so as to be 
permeable to light or being open toward the light entry window, with this cavity being suitable 
for the light coupling. 

15. The light inserts according to Claim 1 and/or Claim 14, characterized in that the light 
coupling is implemented by means of a light conductor which leads to the light entry window of 
the light insert or into the cavity inside the light insert, with the connection between the light 
conductor and the part of the light insert that remains in the filling being designed so as to be a 
permanent or a plug-in connection. 

16. A light conductor for light inserts according to Claim 15, characterized in th at both its. 
geometry its light distribution make the light conductor suitable for a light flux passing through 
thTentire area of the light exit window of the light insert into the surrounding area of the light 
insert. 

17. Fitting bodies for the light inserts according to Claim 1, characterized in that these 
fitting bodies can be inserted or cemented into the cavity that is formed after the light insert has 
been removed from the cured filling material. 

18. The fitting bodies for the light insert according to Claim 14, characterized in that 
these fitting bodies can be inserted or cemented into the cavity of the light insert. 
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Figure 1. Light insert in the filling of the tooth 
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Figure 2. Light insert 
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Figure 3. Components for the production of dental fillings leaving no marginal gaps 
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